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XXIV. On the Frodmlion of nitrous Add and nitrous Air. By 
the Rev. Ifaac Milner^ B. D. F. R, S. and Prefident of 

Queen's ColiegCj Cambridge* 



Read July 2, 1789* 

T has been known for fome time, that a relation fubfifts 
between nitrous acid and volatile alkali. The latter 
has frequently been produced by help of the former ; but I 
do not recoiled that, in any inftance, the volatile alkali has 
been proved to contribute to the formation of nitrous acid or 
nitrous air* Some cafes, however, have occurred to me where 
this evidently happens ; and they appear fo new and extraor- 
dinary, that I cannot but think they deferve the attention of 
philofophical chemifts. The hiftory of the experiments I 
allude to is as follows. 

2. As foon, as I had heard of the produdion of inflammable 
air by the tranfrnifiion of fleam through red-hot iron tubes, I 
had the curlofity to try w^hether feme other fubftances in 
the form of air or vapour might not, by a fimilar procefs, un- 
dergo material alterations. In particular, the nitrous acid 
feemed well to deferve a trial, both on account of the obfcu- 
rity and difficulties attending the theory of its produdlon, and 
alfo of its important and extenfive ufefulnefs in chemiftry. 

In the relation of my experiments on this head, it will be 
iinneceflary to mention the exad quantity of acid or of air ex- 
pended or generated^ though I noted tbofe quantities pretty 
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accurately at the time; for the main point I have in view in 
this defcription, is to afcertain the nature of the changes which 
took place; and thefe do not depend upon the quantities of 
aerial fluids, but upon their properties. Befides, whoever 
ihall repeat thefe experiments will find the relative quantities 
to vary very much, according to the manner of operating ; 
and therefore, for the fake of brevity, I omit to mention 
them entirely. 

2' ^ began with boiling a little ftrong nitrous acid in a 
fmaii retort, the neck of which was clofely luted to one end 
of a gun-barrel. The other end of it was immerfed fome- 
times in water, and fometimes in quickfilver, and eighteen or 
twenty inches of the middle part was furrounded with burn- 
ing charcoal in a proper furnace. In this manner the vapour 
and fumes of the boiling acid were tranfmitted through the 
red-hot tube, and the produce received at the end in the ufual 
manner. 

When the acid was made to boil violently, there paffed over 
a confiderable quantity of undecompofed red nitrous vapour, 
together with a mixture of nitrous and phlogifticated airs. 

When the procefs was conduced more moderately, there 
was lefs nitrous vapour ; and in the mixture of airs which was 
received in the glafs velTels, there was a much greater pro- 
portion of phlogifticated air. 

4. In order to increafe the furface of the red-hot iron, and 
effed a more complete decompofition of the nitrous vapour, 
the gun- barrel was crammed full of iron fihngs. The experi- 
ments were repeated with great caution, and almoft the whole 
of the produce was found to be phlogifticated air. It is how- 
ever proper to mention, that, notwithftanding every poffible 
care, ftill there will generally be in fome degree an admixture 
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of nitrous air^ and frequently of dephlogifticated nitrous air» 
But I am fatisfied that if the iron tube were fufficiently long^ 
fo that a very large portion of it might be heated red-hot, all 
the air received in this manner from any quantity of nitrous 
acid ftovvly boiled would be found of that fpecies called phlo- 
giflicated air. 

5. Thefe experiments feem altogether analogous to thofe of 
Dr. Priestley, in which nitrous air, by expofure to iron, is 
converted firft into d^phlogifticated nitrous air, and afterwards 
into phlogifticated air. The only difference feeras to be, that 
in my experiments the effedl is brought about fuddenly j 
whereas in the method of expofition to iron much time is re- 
quired. And farther, in my method of operating, it is very 
difficult to conduft the procefs fa as to infure the production of 
that iingular fpecies of air called dephlogifticated nitrous air., 
If the acid boil very quick, the product is nearly all nitrous 
vapour and nitrous air. If it boil very flow, and a fufficient 
quantity of the iron tube be welFheated, then the decompo* 
lition is almoft complete, and little is received but phlogijfli- 
cated air. In both cafes, the progrefs of the converfion of 
nitrous acid to the flate of phlogifticated air feems to be the 
fame. Firft, nitrous air is formed, then dephlogifticated ni- 
trous air, and laftly phlogifticated air. This, I fay, feems to 
me to be the natural order of the converfion, though I do not 
deny, that in the rapid manner of operating with the red-hot 
iron tube fome particles of nitrous acid or vapour may pro« 
bably be injlantly changed into phlogifticated air. And even 
allowing this to be the cafe, the fad may eafily be explained^ 
by fuppofing the fucceffive approaches to phlogifticated air to 
be made in too fmall fpaces of time to be obferved ; nor does 
it in the leaft invalidate the general couclufion^ that nitrous 
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air is nearer the ftate of phlogifticated air than nitrous acid or 
nitrous vapour; and that dephiogifticated nitrous air is flill 
nearer. It is very difficult to decide with certainty what the 
changes are which the particles of the acid undergo in their 
paffage through different parts of the hot tube* 

From what has been faid, the moft common procefs will 
probably appear to be, that a particle of the acid in the form 
of vapour firft generates nitrous air; that the parts of this are 
applied to frefh furfaces of hot iron, and fuddenly changed into 
dephiogifticated nitrous air ; which, laftly, is applied to ftill 
frelh furfaces of the tube or fragments of iron, and fo con- 
verted into phlogifticated air. When thefe fucceffive contafts 
with frefli furfaces of hot iron are not fufficiently numerous or 
exaft, it is not unnatural to conclude, that fome portion of air 
may efcape not perfedly decompofed. 

6. Thefe conliderations induced me to alter the procefs a 
little. Inftead of boiling the acid in the retort, I put fome 
thin pieces of copper into a phial, poured nitrous acid upon 
them, and forced the nitrous air, as it was generated, to pafe 
through the red-hot tube. The event anfwered my expe£ta- 
tion ; the decompofition was efFeded in this way eafier than in 
the former. 

But before I made this experiment, I examined what would 
be the efFed of mere heat upon nitrous air, as I had already 
learned from the experiments of others, that nitrous acid, 
forced in the form of fteam through red-hot tubes of clay or 
glafs, underwent the moft important alterations. 

What might be the effed of long continued expofure to a 
red heat I cannot fay ; but I was foon convinced, that nitrous 
air might be forced through a red-hot glafs tube, without 
fufferaig any material change. 

% X 2 7# Laftly^ 
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7* Laftly, I determined to try the effe£l of the gun-barrel 
upon deplilogifticated nitrous air, as from all that I had ittw 
it feemed reafonable to expeft, that this fpecies of air would 
be the eafiefi reduced to the flate of phlogillicated air. Fot 
this purpofe, I diluted a faturated folution of copper in the 
nitrous acid, and put pieces of iron wire into it, and as the 
iieck of the retort which contained the folution was luted to 
one end of the gun-barrel, the dephlogifticated nitrous air 
was expofed in its paffage to the adion of the red-hot tube, 
and alio to the furfaces of the red-hot iron turnings which it 
contained. In this cafe, when the procefs is conducted with 
proper care, all the air which is received at the other end of 
the tube will be found phlogifticated. 

8. When the air received at the end of the gun-barrel 
was in the laft mentioned ftate, vi%. perfectly phlogifti- 
cated, I have frequently obferved a white fume ifllung along 
with the air, and fometimes afceading through the water or 
mercury into the ghifs receivers. Upon examining this white 
fume, I foon perceived by the fmell that it contained volatile 
alkali. I was much ftruck with the obfervation, and imme- 
diately recoUefted Dr. Priestley's relation of a iimilar pro- 
du£lion by expofing nitrous air to pieces of iron. 

9, Mofl of the experiments hitherto related were made in 
the fummer of 1786; in general they agree with thofe of 
Dr. Priestley; the changes and productions are much the 
fame, and the only new circumftance is, as was obferved at 
art. 5. The fame effeds are brought about tnjiantly by the 
aftion of red-hot iron, which require much time by the me- 
thod of fimple expofure to cold iron. 

For which reafon, though it gave me much pleafure at the 
time to fee fuch curious tranfmutations brought about iu a few 
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minutes, yet it fcarcely appeared worth while to troiibre the 
Royal Society with a detail of the experiments ; and I only 
prefume to do it now, becaufe the conjedureswhich I theni 
formed have been fuificiently verified by future experiments. 

The conjedures were as follow :. 

ID. Almoft immediately upon feeing the volatile alkali 
produced by means of nitrous acid and metals, I conceived 
the poffibility of inverting the order of the procefs^ and of 
producing nitrous acid or nitrous air by the decompofition of 
volatile alkali* I knew of no experiments wherein this had 
been done, or any thing like it ; yet as volatile alkali was; 
beyond all difpute produced in the method juft defcribed, and 
as the iron turnings and iniide of the gun-barrel were left after 
the operation in a flate of calcination, it feeraed not unna- 
tural to fuppofe, that by forcing volatile alkali through the 
red-hot calces of fome of the metals, nitrous acid or 
nitrous air might be produced. Some of my friends^ to^ 
whom I mentioned the idea, confidered it as a random con- 
jefturc. However, I made a memorandum of it as a thing 
that deferved to be tried, though in fed I negleded for near 
two years aftually to make the trial. It was fome time in the 
month of March, 1788, that the calx of manganefe on ac- 
count of its very great infufibility, and its yielding abundance 
of dephlogifticated air, occurred to me as a very proper fub« 
ftance for the purpofe. I immediately crammed a gun-barrel 
full of powdered manganefe; and to one end of the tube I 
applied a fmall retort, containing the cauftic volatile alkalia 
As foon as the manganefe was heated red-hot, a lighted can- 
dle was placed under the retort, and the vapour of the boiling 
volatile alkali forced through the gun-barrel. Symptoixss of 
nitrous fumes and of nitrous air foon difcovered themfelves^ 
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and by a little perfeverance I was enabled to coIle£l confidera- 
ble quantities of air, which on trial proved highly nitrous. 
I have fince frequently repeated this experiment, and have 
always in fome degree fucceedcd. Much depends on the kind 
of manganefe employed, much on the heat of the furnace, 
and much on the patience of the operator ; as thefe are va- 
ried, there will be great variations of the produ6ls. A minute 
detail of all the particulars of my experiments feems unne- 
ceflary ; but it may be proper to give a general account of the 
principal fa6ls, and of the methods which were ufed to avoid 
erroneous conclufions. 

1 1. In general I made ufe of clean gun-barrels with which 
no previous experiments had been made. The manganefe 
was ufed in rough powder; for when it is too finely pow- 
dered, the tube is choaked, and the air cannot pafs. 

In fome experiments I applied the vapour of the volatile 
alkali direftly to the hot manganefe. In others I fuffered 
the manganefe to remain a confiderable time in a red heat 
before I made the volatile alkali, contained in the retort at the 
end of the tube, to boil; and by this means I informed my- 
felf of the nature of the airs which the manganefe yielded 
ptrfe. 

In neither cafe could I ever perceive the leaft appearance of 
nitrous acid or nitrous air till the volatile alkali was ufed. 
Manganefe, per fe^ gives airs of different kinds (but chiefly 
fixed and dephlogifticated airs) as foon as ever it is fubjefted 
to a confiderable heat ; but nothing nitrous comes from it, 
either on the firft application of heat, or after it has been con- 
tinued a long time ; and I examined this point with great dili- 
gence. But loon after the volatile alkali begins to be applied, 
the jars in which the air is received will frequently turn 
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flightly red, and this reduefs will increafe on admitting atmo- 
fpherical air. 

The cauftic alkali (hould be flrong, and as far as I have ob- 
ferved the longer the procefs is conthraed, the ftronger will 
be the nitrous air produced. At leaft this evidently appeared 
to be the cafe in feveral inftances^ where the oper^ioa was 
continued for a long time. 

In moft inftances, on the very commencement of this pro- 
cefs, a fmall jar of the air thus colleded difcovers by t\xQ Jmell 
a nitrous impregnation. But it fometimes happens, that feve- 
ral jars of air may be coUeded, and the admiffion of a*:mo- 
fpherical air to them will not produce a fenfibly red colour. 

Here, however, there exifts a caufe of deception againft 
which the operator ought to be on his guard, left he fhould 
conclude that no nitrous air is formed, when in reahty there i^ 
a confidcrable quantity. The volatile alkali, notwithftandlng 
every precaution, will frequently pafs over in great quantities 
undecompofed* If the receivers are filled with water, a great 
part of this will indeed be prefently abforbcd; but ftill fome 
portions of it will mix with the nitrous air formed by the pro- 
cefs. Upon admitting the atmofpherical air, the nitrous air is 
decompofed, and the red nitrous fumes inftantly combine with 
the volatile alkali. The receivers are prefently filled with 
white clouds of nitrous ammoniac ; and in this manner a 
wrong conclufion may eafily be drawn, from the want of the 
orange colour of the nitrous fumes. A confiderable quanfitj 
of nitrous air may have httn formed^ and yet no orange 
colour appear, owing to this circumftance ; and therefore it is 
eafy to underftand how a fmall quantity of nitrous air may be 
moft efFedually diiguifed by the fame caufe^ 

3' 12.* Thci 
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12. Thefe obfervatioos are made principally for the fake of 
thofe who may wifh to repeat thefe experiments. The main 
point to be eftabJiiied, is the a£lual formation of nitrous air 
by this method. And this truth I confider as proved beyond 
all controverfy ; for by continuing the procefs patiently, and 
applying repeatedly freth portions of ftrong volatile alkali to 
the fame manganefe, kept conttantly hot in the gun-barrel, I 
have often collefted large jars of air, v^hich was proved to be 
highly nitrous by mixture with atmofpherical or with dephlo- 
gifticated air. 

13. It is not eafy to fay, whether in this procefs dephlo- 
gifticated nitrous air, or even nitrous acid itfelf, be not fome- 
times immediately formed by the a8:ion of the volatile alkali 
on the manganefe. Traces of the former, in fome inftances, 
feem to difcover themfelves; but I do not fpeak decidedly on 
this head. As to the latter, it is very certain, that fumes of 
the nitrous acid often circulate in the jars that receive the air. 
But poffihly thefe fumes may arife from the decompofition of 
nitrous air, by means of the Superfluous dephlogiflicated air 
of the manganefe. 

14. The fteam of boiling water was applied to red hot man- 
ganefe in a fimilar way ; not the leaft nitrous appearance ; but 
the fixed and dephlogifticated airs were generated much more 
plentifully than when the manganefe was urged by mere heat, * 
When thefe airs had been collected in large quantities, the 
volatile alkali was applied as before to the refiduum of the 
manganefe, and nitrous air foon appeared. 

15. As manganefe is known to produce a very extraordinary 
change upon fpirit of fait in a moderate heat, it feemed not 
improbable, that a ftill greater change might take place by 
working in this method. Accordingly I forced the vapour of 
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boiling fpirit of Icilt to pafs through red-hot maoganefe. This 
experiment did not aofwer my expeftatioo ; the produd: was a 
mixture of fixed and iniammable air. But it deferves to be 
noticed, that even in this cafe, after the effeO: of the fpirit of 
fait had been tried for a long time, a production of nitrous air 
npan the application of volatile alkali to the fame manganefe 
foon took place. 

16. As there are many other fubftances befides the calx of 
manganefe, which are known, per fe^ to afford dephlogifti- 
cated air, or a mixture of this with fixed air, it was natural to 
conclude from analogy, that fach fubftances upon the applica- 
tion of volatile alkali would not fail to afford nitrous air. 

It is beft, however, in thefe matters to truft as little as pof- 
fible to coDJeftures, and to bring every opinion to the teft of 
experiment. Manganefe is fo fingular a fubftance, that it is 
perhaps hardly fafe, from what happens in making trials with 
it, to infer in any inftance of another calx of a metal a fimi- 
larity of effedl:. Red lead, however, is known to agree in 
fuch a variety of chemical effe6:s with manganefe, that I find 
it difficult to perfuade myfeif that the volatile alkali properly 
applied to it would not yield nitrous acid or nitrous airi 
yet I have hitherto in vain attempted to bring this about. The 
red lead, indeed, melts during the procefs, flows into the 
cooler parts of the tube, and often choaks the paffage of the 
air; but in fome trials a great deal of air has been collcded 
before that happened, and without any fymptom of a nitrous 
mixture. It feems difficult to explain the reafon of the failure j 
perhaps with a better adapted apparatus, and more perfeve- 
ranee, either the production in queftion may be obtained, or 
the caufe of the failure difcovered. 
Voi-;LXXIX- Yy 17. With 
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17. With calcined green vitriol I had much better fuccefst 
The fait was calcined to whitenefs, and put into a gun-barrel | 
and^ after feveral trials of forcing the volatile alkali through 
the hot tube, I procured by the operation fome ounces of 
llroo"<y nitrous air* 

So extraordinary an effe£l: would no doubt have proved 
highly grateful to the ancient chemifts^ and have been by thera 
denominated a tranfmutation. 

In the courfe of my enquiries, I confidered this experiment 
as important, becaufe it proved, that the fame combinations 
might take place when fubftances were made ufe of different 
from manganefb. 

i8» As calcined green vitriol, ferfe^ in a ftrong heat yields 
dephiogifticated air, I had now no doubt but that any fub- 
fiance which had this property might, by limilar treatment, 
be made to afford nitrous air. 

But in this fuppofition I was- entirely ^millaken. The vola- 
tile alkali was applied to fome calcined alum at the moment 
%vhen it was yielding in a ftrong heat plenty of dephiogifti- 
cated air. The produd was an aftonifhing quantity of in- 
iammabie air, mixed %vith hepatic air and aftual fulphur. The 
refiduum- of the alum had a ftrong hepatic fmeil^ and contained 
particles of perfedly formed fulphur,' 

Moft of thefe experiments, if not all, were repeated- in 
earthen tubes inftead of gun-barrels, and with the fame 
fuccels. 

19. It now only remains, ,that i fhould briefly propofe what 
occurs to me as the probable theory and explanation of the 
hdcs related. 

The ingredients which enter into the compofition bf ni- 
trous acid feem to be the two principles of elements of the atmo- 
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fpliere, vi%. phlogifticated and dephlogifticafed air. That this 
is the cafe, there feems little reafon to doubt. Both the com- 
pofition and decompoiitlon of nitrous acid renders the fuppoii^ 
tion probable. For, 

1. Nitrous air and dephlogifticated air by mixture produce 
nitrous acid ; and nitrous acid, by mere heat, is con?erted into 
a mixture of phlogifticated and dephlogifticated airs. 

2. Nitrous air, by the methods already related, is changed 
into phlogiftfcated air, and thefe methods feem to confift in 
abft ranting from the nitrous air a quantity of dephlogifticated 
air. 

3. When nitrous acid and nitre are produced In a natural 
way, the protefs is not well underftood; but the prefence of 
the atmofphere is known to be necefHiry. 

4- Mr. Cavendish's experiment is decliive on this point. 
The union of the two airs in queftion is effe£led by means of 
the eleftrical fpark, and nitrous acid is the produd. 

In the next place we are to confider, that volatile alkali 
contains phlogifticated air ; for, 

1. Volatile alkali, by mere heat, or by the ele£l:rlcal fpark, 
is changed into a mixture of phlogifticated aiid inftammable 
air; and, 

2. The refiduum of volatile alkaline air, after the calces of 
lead have been revived in it, is phlogifticated air. 

Therefore, when volatile alkali, in the form of fume or air, 
is applied to red-hot manganefe, or calcined green vitriol (fub- 
ftances which are then yielding dephlogifticated air), with 
theie fads in view, it feems not difficult to conceive, that one 
of the ingredients of the alkali, w%. phlogifticated air, Ihould 
combine with dephlogifticated air, and form nitrous acid or 
nitrous air. If nitrous acid be formed, it will indeed in that 
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heatj as has been obferved^ be ieftaotly decompofed; but II 
the effed of the mnon be nitrous air^ that will fuftaio the heat 
without deconipofition. How it happens, that nitrous air fhould 
be formedj and not nitrons acid, or what the reafon is» that 
nitrous air can fuftain a red heat without decompolition, 
when nitrous acid cannot, I am nnable to fay t and it is better 
to acknowledge our ignorance than advance groundlefs con- 
jeftures. So much, I think, may be pronounced as certain, 
vi%. that nitrous air contains lefs dephlogifticated air than ni- 
trous acid; becaufe it requires the addition of dephlogifticated 
air to become nitrous acid. 

And, laftly, if I miftake riot, the experiment with the cal« 
cined alum proves, that, in order to produce nitrous air, it is 
not fuflicient merely to apply volatile alkaline air to a fub- 
fiance which is a3:ually yielding dephlogifticated air. 

Perhaps the prefence of another fubftance is required, which 
has a ftrong attradion for phlogifton. Perhaps, in the experi- 
ments with the calces of manganefe and of iron, the inflam- 
mable principle of the volatile alkali combines with the calces 
of the metals, and the phlogifticated air, the other component 
part, nnites with the dephlogifticated air ; and if fo, it feems 
not improbable to fuppoie, that %vhen alum is made nfe of, 
the inflammable principle of the volatile alkali having little or 
no attradion for clay, the bafis of the alum, ftiould combine 
with its acid and form fulphur. If this reafoning be true, 
then it follows, that the vitriolic acid has a ftronger affinity to 
the iniammable principle than it has to phlogifticated air ; and 
the procefs with the green vitriol and manganefe is to be ex- 
plained by the operation of a double affinity : the inflammable 
principle of the volatile dkali joins with the calx of iron^ the 
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bafis of the vitriol, or with the maoganefe, and the phlogifti- 
cated air with the dephlogifticated air produced by the acid in 
the red heat* 

Thofe who chufe to rejed the doctrine of phlogifloii muft 
make the iieceflkry alteration in thefe expreffions; but the 
reafoning will be much the fame. 




